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Dynamic model and characteristics analysis of dry matter production after light 
recovery of different soybean varieties in relay strip intercropping systems 
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Abstract: Maize-soybean relay strip intercropping is a widespread practice in soybean production areas in southwestern and southern 
China and has been the main mode of increasing total output of soybean in China. To provide theoretical basis for the selection and 
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breeding of high yield soybean varieties for intercropping, this study used fourteen soybean varieties with different yield levels to 
analyze the characteristics of dry matter production after light recovery (after maize harvest) of different yield types of soybean 
varieties relay strip intercropped with maize. Results indicated that average grain yield of high yield soybean varieties was 
1 408.17 kg-hm 2, which was 37.45% and 57.25% higher than those of medium and low yield varieties, respectively. Dry matter 
which was 26.82% and 91.51% higher than those 


of medium and low yield varieties, respectively. Logistic equation was used to simulate the relationship between dry matter weight 


accumulation of high yield soybean varieties was on an average of 32.99 g-plant™', 


and days after light recovery for three types of soybean varieties (R? > 0.960). Paired t-test for independent samples showed no 
significant difference between the simulated and measured values. After light recovery, the rate of dry matter accumulation of three 
types of soybean varieties increased before declining. The order of maximum rate of dry matter accumulation and the mean rate of 
dry matter accumulation was high yield type > medium yield type > low yield type. The average time to maximum rate of dry matter 
accumulation after light recovery of the high yield soybean varieties was 41—42 days, while that of both medium and low types was 
33-37 days. The duration, accumulation rate and accumulation amount of dry matter of gradual increase stage; the accumulation rate 
and amount of dry matter accumulation of both fast increase and slow increase stages of high yield soybean were significantly higher 
than those of other two yield types of soybean. The yield had a significantly positive correlation with the maximum dry matter 
accumulation rate, time reaching the maximum dry matter accumulation rate, mean dry matter accumulation rate, duration of gradual 
increase stage, dry matter weight of gradual increase stage, dry matter accumulation rate and weight of both fast and slow increase 
stages. Two years data indicated that leaf area index, light interception rate, population growth rate and leaf area duration of high 
yield soybean were 2.52 g-m 2.d !, 0.81 g-m 2.d !, 6.02 g-m 2.d ! and 317.84 m?.d.m 2, respectively, which were significantly 
higher than those of both medium and low yield types. Our results suggested that greater dry matter accumulation mainly occurred 
at gradual increase stage after light recovery for high yield soybean varieties, which was mainly attributed to the longer duration 
of the stage. 

Keywords: Relay strip intercropping; Soybean; Yield level; Variety; Light recovery; Dry matter production 
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m ri” High yield type 


m fy" Middle yield type 
o Ku” Low yield type 
a 


FHM Dry matter (g-plant ') 
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2013 2014 
EM Year 


1 SEP = 283 X Z MASEXKEESKRNTD 
aE S m 
Fig. 1 Dry matter accumulation after light recovery of 
soybean varieties with different yield levels in maize-soybean 
relay strip intercropping system 
+] )SFARMTE 0.05 KFELÆR EH. Different lowercase 


letters mean significant differences at 0.05 level. 
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Table 1 Stimulation equations of dry matter accumulation after light recovery of soybean varieties with different yield levels in 


maize-soybean relay strip intercropping system 


# t 3g au nah HEHH R 
Year Type Variety Fitted equation 
2013 mi ee ME 021-1 Nandou021-1 Y=46.613/(1+17.469e °°) matt 
High yield type 45396 13 Texuan13 Y=28.475/(1+9.643¢°0997 0.999 
PF83212 Nandou12 Y=38.184/(1+14.8356™! 0.995 
bai 1 = Gongxuan-I Y=34.855/(1+-14.175e 01185) 0.986 
pR \\i@ Xiaohuangdou Y=26.351/(1+7.852e 0°") 0.973 
Mie E Caidou Y=24.286/(1+8.039e 0:!155 0206 
223-5 Guixia-3 Y=18.057/(1+9.672e 01155) 0.973 
ABZ Dayuandou Y=15.306/(1+4.721e 00991) 1:090 
FRE Luoquanhuang Y=34.389/(1+7.703e 0.064) 0.999 
Ea $8135 Qianshanwudou Y=20.236/(1+6.389e "01125 0.981 
Low yield type $ 256-1 Nan256-1 Y=20.386/(1+7.850e_0:102/) 0.965 
ABM Dahuangzhu Y=20.510/(1+5.575e 0.970) 0.993 
J 15 Guang15 Y=15.891/(1+6.597e °°’) 0.980 
HIKE 04-2 Gongqiudou04-2 Y=24.356/(1+11.246 °°) 0.992 
2014 far 288! High yield type IEE 13 Texuanl3 Y=29.881/(1+10.884e°!375 0.962 
=Æ Middle yield type SER Ë Luoquanhuang Y=38.186/(1+14.034e "0127 0.965 
(RP 22! Low yield type J“ 15 Guang15 Y=29.27/(1+6.665e 0:06) 0.996 
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Fig. 2 Correlation of dry matter between simulated value and measured value of soybean varieties with high yield (‘Texuean 13°), 
middle yield (‘Luoquanhuang’) and low yield (‘Guang 15’) levels in maize-soybean relay strip intercropping system 


#2 ARF 


BROKE SERXEERKE 


TJ A RES 29 


Table2 Parameters of dry matter accumulation characteristics after light recovery of soybeans varieties with different yield levels in 
maize-soybean relay strip intercropping system 


E IA! mih Rue Taak Waas Vinson 
Year Type Variety (thm?-d"') (d) (g) (t-hm 2.4”) 

2013 mr RH HE 021-1 Nandou021-1 0.805 41.403 23.307 0.428 
on Aed Typ 43 13 Texuan13 0.476 33.917 14.238 0.275 

HE 12 Nandou12 1.083 23.765 19.092 0.588 

wai 1S Gongxuan-1 1.025 22.539 17.428 0.560 

Fh ee \\83 Xiaohuangdou 0.617 22.004 13.176 0.367 

Middle yield type #5 Caidou 0.699 18.096 12.143 0.415 

EE 3 5 Guixia-3 0.520 19.708 9.029 0.300 

ABS Dayuandou 0.378 15.722 7.653 0.243 

SRA Luoquanhuang 0.554 31.694 17.194 0.330 

(EP aS USE Qianshanwudou 0.567 16.545 10.118 0.348 

Low yield type EB 256-1 Nan256-1 0.520 20.210 10.193 0.309 

ABH Dahuangzhu 0.358 24.623 10.255 0.224 

|” 15 Guang15 0.389 19.270 7.946 0.238 

TAKE 04-2 Gongqiudou04-2 0.438 23.658 12.178 0.247 
£34 Average m High yield type 0.847a 30.40a 18.515a 0.462a 
HÆ Middle yield type 0.553b 21.44b 11.838b 0.331b 
IEF Low yield type 0.454c 20.86b 10.137b 0.273¢ 
2014 S High yield type $$ 13 Texuanl3 1.213a 28.798a 19.092a 0.664a 
h= Middle yield type FRÆ Luoquanhuang 1.025b 20.776b 14.940b 0.581b 
IEF Low yield type I 15 Guang15 0.481c 17.384c 14.635b 0.293c 


Roxi RAF RR RRB; Tmi Bz TTEA RRS, W. FRR RRSRAN ERB; V.o: RFIPRERIE3E Rma: 


maximum dry matter accumulation rate; Tmax: time reaching the maximum dry matter accumulation rate; Wmax: dry matter weight at the time of 
maximum dry matter accumulation rate; Vmean: mean dry matter accumulation rate. 


2.1.4 FARRER 
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(Vaaa), ATR RARFARAT I(T). ABR TO Ya = 
(w) (RIBRAFIAR RRR.) FIBREBT 32 8 = 
(W2)s oe ie B AFI ARS RR FE (v3), 2181 FHRS 


(w;) E E. EH. 
22 Al = zk E X Z ohh pk ARAB fK37 a *E P= 
= 
WiHBARBSHHKO d0JE XS IE 
(45 Foa ee 5), 


BHALKERHAADRHA 2.45 g.m .d !. 0.80 
gmd, 5.55 g.m 2.d"! #1 366.77 mdm”, AIK 
FP PEREKI 1.50 g.m 2.d''. 0.67 g.m2.d'!. 3.37 
g.m2.d'. 250.34 mdm” M15 7 3 HAY 1.11 
gmd, 0.45 g.m2.d 1. 2.74 gm- #l 205.87 
m°.d.m > 2014 4, APAR He 13 AH RB 
BM. SRERIRSE., BHAERBERHGADAA 2.59 
gm”, 0.83 g.m 2.d''. 6.50 gm 2.d'' Al 268.92 


2013 4, BM RHARWH MRR. RERE, mdm’, EJ K rh. FP RBA. 
RI PAP BRBASSEREESKAT MRR 3 ANER ESA 


Table 3 Characteristics parameters of three dry matter accumulation phases after light recovery of soybeans varieties with different 
yield levels in maize-soybean relay strip intercropping system 


FA xm mit AARI ER mam 
k Gradual increase stage Fast increase stage Slow increase stage 
Year Type Variety 
Tı vi wi Tə V2 W2 T; v3 w3 
2013 mr Re ME 021-1 Nandou021-1 14.34 0.26 5.78 38.12 0.71 26.91 47.45 0.20 9.39 
High yield type 
iz 13 Texuanl3 12.21 0.33 1.85 32.42 082 16.44 42.06 0.22 5.73 
P= 12 Nandoul2 12.16 033 4.00 23.21 0.95 22.04 28.89 0.27 7.69 
Biz | = Gongxuan-1 11.34 023 2.65 22.39 0.90 20.12 27.87 0.25 7.02 
cpp as \\ Xiaohuangdou 7.94 0.34 2.70 28.12 0.54 5.21 35.00 015 5.31 
Middle yield type 
XH Caidou 6.66 0.34 2.24 27.87 0.61 402 35.46 0.17 4.89 
#3 3 5 Guixia-3 8.27 0.12 0.99 26.87 0.46 04 34.47 0.13 3.64 
ABS Dayuandou 6.38 024 0.57 26.68 0.33 8.84 33.21 0.09 3.08 
SRE Luoquanhuang 8.25 0.28 3.10 30.88 0.49 985 36.89 0.14 6.92 
(Rpt $8135 Qianshanwudou 4.80 0.16 0.75 23.50 0.50 168 29.25 0.14 4.07 
Low yield type 
M 256-1 Nan256-1 7.29 0.07 0.52 25.83 0.46 177 32.15 0.13 4.10 
ABER Dahuangzhu 5.75 022 1.68 30.74 0.31 1.84 35.98 0.09 4.13 
|” 15 Guang15 5.82 0.12 0.70 26.90 0.34 917 33.49 0.10 3.20 
BIKE 04-2 Gongqiudou04-2 6.34 0.03 0.43 30.63 0.38 4.06 35.60 0.11 4.90 
FH Average A High yield type 12.5la  0.29a 3.56a 29.03a 0.84a 21.37a 36.31la 0.23a 7.45a 
HP® Middle yield type 7.50b 0.26b 1.91b 28.08ab 0.48b 13.66b 35.0la 0.14b 4.76b 
{EF= 282! Low yield type 5.99c 0.13c 0.8le 27.52b 0.39¢ 11.70c 33.29b O.1le 4.08b 
2014 Br l A$ 13 Texuanl3 11.4la  0.49a 5.19a 30.7la 1.062 22.04a 44.772 0.29a 7.68a 
High yield type 
rh pe ae AY SRE Luoquanhuang 8.80b 0.32b  3.52b 29.172 0.69b 17.25b 35.78b 0.25b 6.01b 
Middle yield type 
free |” 15 Guang15 5.79¢ 0.30c 2.65c 29.98a 0.42c 16.89c 33.87¢ O.1lc 5.89¢ 
Low yield type 


Ty TMT; DARA 
Al ws Sal CZ Ae BB. 


RIB HA A EIS BAUER BJ B]; v vo Al v3 DIRKAH, 
IRIS RB AI ISHTAR RE. FA)NSFRARRE 0.05 KFEER TE. Ti, T> and Ts, stand for dry matter 


Pee BAA 22 18 BA BS F Sa aR RR wi. w 


accumulation durations of gradual increase stage, fast increase stage and slow increase stage of dry matter, respectively. vi, vz and vs stand for mean 


dry matter accumulation rates of gradual increase stage, fast increase stage and slow increase stage of dry matter. w;, w2 and ws stand for increased dr 
> > 


matter weights of gradual increase stage, fast increase stage, and slow increase stage of dry matter. Different lowercase letters mean significant 


differences at 0.05 level. 
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Table4 Correlation of yield and dry matter accumulation factors of soybeans varieties with different yield levels in maize-soybean 
relay strip intercropping system 


E A Factor 

Year Rmax Tmax W max Vinean Tı vi W T; V2 w2 T; V3 w3 
2013 0.690” 0596 0.825” 0.645” 0.727” 0231 07147” 0226 0690” 0825” 0.226 0690” 0.825 
2014 0.712" 0664 0.931 0.597° 0.835” 0.588 038127” 0449 0601” 0.774" 0.136 06507” 0.819" 


Rmax: RAF YAR IR; Tmax? RAF ORR RRS; Wax: TPS SE EE Se B K BJ ERB; Vma PFARRER, T. T; T, 
DACA AB HA, RIRE BRAM RTE; vo v, f DAA AEH. RIGA SET MRRRRE, wi mi w DIRE 
ANG HA, AB HM RBH TJ Rasa, *, ** RARE 0.05 A 0.01 zk EE SEE, Rmax: maximum dry matter accumulation rate; Tmax: the time 


reaching the maximum dry matter accumulation rate; Wmax: dry matter weight at the time of maximum dry matter accumulation rate; Vmean: mean dry 
matter accumulation rate. Tı, T> and T3 stand for dry matter accumulation durations of gradual increase stage, fast increase stage and slow increase 
stage of dry matter, respectively. vi, v2 and vs stand for mean dry matter accumulation rates of gradual increase stage, fast increase stage and slow 
increase stage of dry matter. wi, w2 and ws stand for increased dry matter weights of gradual increase stage, fast increase stage, and slow increase stage 
of dry matter. *, ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively. 


R5 FET SRHASSEKEESKRWKGRAIE 
Table 5 Characteristics of photosynthetic accumulation after light recovery of soybeans varieties with different yield levels in 
maize- soybean relay strip intercropping system 


HREM E PREKE KBR 
Fi Eig ant HAR tS eX Light Population Leaf area 
Year Type Variety Leaf area index interception rate growth rate duration 
(%) (gm d") (m°.d-m °) 
2013 GUESS H 021-1 Nandou021-1 2.53 0.81 5.11 351.45 
High yield type 4839 13 Texuan13 1.86 0.81 5.38 274.44 
= 12 Nandoul2 2.73 0.77 6.24 416.17 
wai | = Gongxuan-1 2.68 0.85 5.48 425.05 
Fh Poe IJAE Xiaohuangdou 1.54 0.83 3.60 276.15 
Middle yield type ZH Caidou 1.70 0.75 3.68 297.09 
ËEE 3 5 Guixia-3 1.46 0.77 3.10 238.13 
AEBS Dayuandou 0.97 0.37 2.39 178.29 
EFX FRÆ Luoquanhuang 1.87 0.66 4.13 262.06 
Low yield typè 4139 Qianshanwudou 1.55 0.52 3.08 268.76 
M 256-1 Nan256-1 1.52 0.65 2.82 256.85 
ABH Dahuangzhu 0.88 0.48 2.62 183.64 
I 15 Guang15 0.89 0.30 2.33 175.87 
HKE 04-2 Gongqiudou04-2 0.75 0.34 2.86 144.26 
#39 Average mr 288! High yield type 2.45a 0.80a 5.55a 366.77a 
A= Middle yield type 1.50b 0.67b 3.37b 250.34b 
IEF Low yield type L.11c 0.45¢ 2.74¢ 205.87¢ 
2014 mX High yield type F 13 Texuanl3 2.59a 0.83a 6.50a 268.92a 
HÆ Middle yield type FRÆ Luoquanhuang 2.04b 0.70b 4.64b 248.49b 
IEF Low yield type F 15 Guang15 1.15c 0.42c 3.11c 174.24c 


+J JvE se EFSF fz 0.05 kE E2E Se RH, Different lowercase letters mean significant differences at 0.05 level. 


3 THE 


31 FAAS MH £ Xó F FHAR RIRE BJ E 37 
RAHEEM 
{DERE Oth PME KA SHE FAR, 
7K#G(Oryza sativa), EX(Zea mays) StF ESA 
toa!” HARMS, BLES o SF Logistic A 


fen in f RAHA BART YWARRS DAC 
MBN Rl, BINS URGE Logistic HÆTT 
AETWARRBAMMARART Bo AAR 
AB, 3 HP SRE AS SCAT MRS Logistic 
Faz AIS WER R IAF 0.960), FEMALE, 
Ain TRAP BABA S na Fi MRP iE. 
Iba, BF PME CASS AK S TJ E P= S 
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RERS MEFA E 52 BJ: SE S HB, MHEE 
AKERI E IEE XE AS Tm EPF REAA 
TOURE. AMARA, A= £ JE FJ $a Se 
RES ALA RBA, DOA MBH. RBH 
AAG, ar RHAT AMBRE MF FY 
(AA 13.45 d, Jama rh. SERB, RAF 
FAR AIRE St 29 d, BARE 3 SAYA 
NFMARAREARRSHRAK. RAR, 
WABSHE KAT ES fk Rk HE € ASA 
{ERIE MSR, (B xE u P> SE >: £ SZ NJ, M 
NEEKHRA Seer ee), th 
BiG, WARES BEKHHTHEEUE 
RESIA EAE, RABE KHER 
AHTRA, HAA E g HIRAM, 
ABEH HB SCM, = 35 UE JES, 
HFEÉERKATA, BERMAN Bt, ARF 
HA Be JJ 89k 8 Sl MHASHERHAM, B 
fE Fr 28 Sl K.p tE B HB321<, MEXRN, BE 
ABMMFSREKH, HLI SH 2 E BEEK 
FREEZES, MABFASCHALMEKH, 
Ra EKAT SMA. RD AAA, 
MISHRA NRASSH E E Ik ië IEE X 
HAAAT Ë X JE 3: K ËJ T Pa Fa Sa se + SE 3* 
BERKAS APRA BY Fie RK. 
32 AAMAS HRHSLBRAXKAWMREF ER 

emt 3ë E KM EPF BE JJ Ele m K P= = 
NA MORRO"! HRM. ERRE, HAA, 
BHALKESERILAAKAGEFP RAN BEB 
ARP! ARECA, Tea n £ EB HA 
Hb PEAS REMERA Fh, EK am HA 
MARHA, WKS HRA, ABH LB RMR, 
SAM BZARMNASZOWHS”, Br A h EAF 
Pa. HAR, HFEA HEr RB, 
FRERET, AFEA = EM FHAA 
1408.17 kg-hm 2, BR, EFREN 37.45% 
57.25%. REJER, MEAR ARERR, BF 
WEKZMAERINA pros s FA, EF 
W, WAA RBASH MPRA, BERAR AE 
Fa, me iZ FHARR, ABr Skt sit. 
4 4 

Bt her RHARE SHNMUFSREK 
HA, SAO E 55 EC SE Z ES. mr 
ABSBEXRRKSRNFMRRAS,. HMR, 
HERRE, HAEKRERHABHLEATFH, 


(Rr RE. Bete RN HARR AA ERAN 
SITE ABER, EAE BT ESR AID RR 
HEA E BET BRA MBAR 
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